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The technics of immunochemistry and zone
electrophoresis in various media now enable com-
plex mixtures of soluble proteins to be separated
into many more components than formerly was
possible. In blood serum, for example, only five or
six distinct protein populations could be demon-
strated until a few years ago, but now between 20
and 30 proteins can be distinguished electro-
phoretically. These electrophoretically separated
proteins can be further differentiated by the pro-
duction of precipitates by chemical or immuno-
logical means. Since no more than four or five
different globulins had, until recently, been demon-
strated in vesicle fluid, these new methods have
been employed to examine natural and experi-
mental blister content in the work recorded here.
The original division of soluble proteins into
albumin on the one hand and globulin on the
other was based on chemical methods of fraction-
ation. The globulin could be divided into cuglob-
ulin and pseudoglobulin by differential precipita-
tion. The development by Tiselius of moving
boundary electrophoresis showed that three or
more electrophoretically different globulins
named alpha, beta, and gamma, could be dis-
tinguished by their different mobilities. The
changes in the refractive index of the moving
boundary were recorded optically.
The next advance was the use of supporting
media in simple and inexpensive apparatus. In
this zone elcctrophoresis the application point of
the protein mixture was much narrower than in
the moving boundary system, so that all the
protein applied to the medium migrated to certain
zones according to mobility. Minute quantities
were sufficient. On paper and in agar alpha and
beta globulins can in some circumstances be
divided each into two fractions.
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With the advent of immunoelectrophoresis,
proteins can be separated first by their electro-
phoretic mobility and then allowed to diffuse
towards an antiserum, thus being further dis-
tinguished by their diffusion rates and immuno-
logical characteristics. By this means the alpha
and beta groups of serum proteins can be shown
to be composed of many different components.
A recent methcd was the introduction by
Smithies of zone electrophoresis in starch gel. By
this technic proteins are separated according to
molecular size and shape by the sieve effect of the
microscopic spaces in the gel as well as by mobility
in the electric field. For the first time hereditary
variations in the alpha 2 and beta globulins were
found by this technic. Among the proteins now
known to exhibit hereditary variations are the
haptoglobins and transfcrrins.
METHOO5 AND MATERTALS
Fluid from vesieles of the following types was
examined:
1. spongiotic:
dyshidrosis 3 cases
2. thermal burn:
liquid nitrogen 1
3. acantholytie:
cantharidin 2
pemphigus vulgaris 1
4. dermal-epidermal separations:
dystrophic epidermolysis bullosa 1
fracture blister 1
pemphigoid bullae in multiple mye-
loma 1
bullous pemphigoid 2
The immunodiffusion experiments were per-
formed in agar on 1" x 3" microscope slides either
by the method of Crowle (1, 2) using plastic forms
or on an LKB apparatus, or in some cases by both
methods. Agar was used as a 1% solution in
Veronal-HC1 buffer pH 7.4, ionicity 0.15 (i.e.,
same conductivity as 0.15M NaCI) for double
diffusion; for zone and immunoelectrophoresis, a
Veronal-HCI buffer of pH 8.2, ionicity 0.05 was
used.
Electrophoresis in agar was performed at 9.2
volts per centimeter. Some were run for one and a
half hours, others for two and a half hours.
For immunoeleetrophoresis, after the electro-
phoretic run, goat antihuman serum was placed in
the central slot on the slide and allowed to diffuse
towards the antigen.
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Zone electrophoresis in agar was carried out in
exactly the same way except that no antiserum
was added.
After precipitates had formed the slides were
allowed to stand in a 0.0125% solution of buffered
cadmium acetate then washed in bnffer for two
periods of 24 hours each to rinse away any unpre-
cipitated proteins. They were then stained with
thiazine red II, 0.1% in 1% acetic acid, and differ-
entiated in 1% acetic acid (3).
Starch gels for electrophoresis were made pre-
cisely according to Smithies (4, 5). Some studies
were made on unmodified specimens. To others an
excess of hemoglobin was added to the fluid in
each slot so that haptoglobins could be identified
by the hemoglobin-haptoglobin complex thus
formed.
Electrophoresis was carried out at 4.2 volts per
centimeter for 16 hours, using a boric acid-sodium
hydroxide buffer pH 8.9 for the starch. After
electrophoresis the gels were sliced in half hori-
zontally and then divided lengthwise making four
portious. The portions were treated as follows:
Portion 1. Saturated solution of Amido black
lOB in methanol, water, acetic acid 5:5:1 to show
total proteins.
Portions 2. (a) 0.1% solution of o-tolidine in 1%
acetic acid to demonstrate ceruloplasmin by virtue
of its oxidase activity (6).
(b) A few drops of 3% hydrogen peroxide were
added to the o-tolidine mixture of 2a to demon-
strate haptoglobins by the peroxidase activity of
the haptoglobin-hemoglobin complex.
Portion 3. Two drops of a solution of ferric
ions 1 mg/ml were added to one portion of the
gel which was then flooded with the following
solution: Nitroso-R salt 500 mg., hydroxylamine
hydrochloride 1 gram, glacial acetic acid 1.5 ml,
sodium acetate hydrous 2.7 grams, water q.s.a.d.
110 ml (7).
This gave a faintly positive stain of the protein
band seen in the beta position on the total protein
slab, namely transferrin.
Portion 4. The position of the protein bands
with nonspecific esterase activity were shown by
adding the following solution to one portion of
the gel: Beta naphthyl acetate 30 mg in 2 ml of
acetone, Fast Red TR, 300 mg, phosphate buffer
pH 6.5, 0.1 M, 100 ml (8).
EXPERIMENTS AND RESULTS
Experiment 1. Micro double diffusion in agar
between reside fluid and serum of each patient. A
hot solution of 1 % agar was poured on microscope
slides and a plexiglas form containing two slots at
right angles to each other was lowered onto the
surface of the agar. In some experiments two
wells were bored in the gelled agar approximately
4 mm. apart. The microscope slides were large
enough for two sets of slots to be prepared on
each. Into one slot of a pair vesicle fluid was
pipettcd and into the second slot of the pair the
serum of the same patient was added. The slides
were theu placed in the refrigerator at 4° Centi-
grade and left there for 72 hours. They were ex-
amined after washing and staining as described
above. Result: No lines of precipitate were
demonstrable in any of the preparations.
Experiment 2. Absorption in vitro of antihuman
serum by reside fluid followed by double diffusion
of the supernatant against the serum of the same
patient. Vesicle fluid and goat antihuman serum
were mixed in a centrifuge tube and allowed to
form a precipitate. The optimum proportions were
not known but experiments were preformed with
vesicle fluid and sera in the proportions of 5:1 and
1: 1. After centrifugation the supernatant was ex-
amined for antibodies by placing it in one well of
a pair and filling the other with the patient's
serum. Experiments were made with serum
26.5
FIG. 1. Paper electrophoresis of pemphigus
vesicle fluid and blood serum. Both exhibit a
normal pattern.
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Fm. 2. Paper eleetrophoresis of dystrophic
epidermolysis bullosa serum and vesicle fluid. The
patterns are alike but atypical.
diluted with normal saline in proportions of 1:2,
1:4 and undiluted. Result: In most eases no
precipitates formed; that is to say, no antibodies
remained in the antiserum after absorption of the
vesiele fluid. However, in three of these tests a
faint line of precipitate did form, suggesting that
an antibody was present in the supernatant and
consequently a corresponding antigen lacking in
the vesicle fluid. T his occurred with cantharidin
and epidcrmolysis bullosa vesicle fluids, absorbed
with equal quantities of antihuman serum, and
diffused against diluted autologous sera, and with
multiple myeloma vesicle fluid against homolo-
gous serum.
Experiment 3. Zone electrophoresis on paper.
Vesicle fluids and blood sera were examined by
paper clectrophoresis using a Spinco commercial
apparatus and the strips were afterwards scanned
and integrated for relative quantitation. In all
cases except one the distribution of protein in the
vesicle fluid was qualitatively similar to that in
the corresponding serum. Where the serum was
normal the vesicle fluid exhibited the normal pat-
tern (Figure 1). Where the distribution of protein
in the serum was atypical the atypicality was seen
in vesicle fluid as well. (Figure 2.)
One patient was suffering from multiple
mycloma with cryoglobulinemia. Her serum
showed abnormalities in the gamma region,
namely, two peaks, one staining more densely on
the paper strip and therefore reaching a higher
peak on the scan for absorption. When the pa-
tient's serum was cooled the presence of cryo-
globulins caused a flocculent material to form
which was then redissolved in a 370 water bath.
It was electrophoresed and finally the supernatant
was clectrophorcscd. The whole serum, the
supernatant, and the melted clot all gave qualita-
tively similar patterns. This patient's spon-
taneous blisters, however, contained fluid that
when electrophoresed showed only one peak in the
gamma region (Figure 3). This vesicle fluid ap-
peared to gel and became opaque at temperatures
between lS_300 C, but only a tiny quantity was
available for this observation.
Experiment 4. Zone electrophoresis in agar. On
microscope slides on which agar had been poured
two wells were made one above the other in the
middle of the slide, or a plastic form containing
two wells was placed on the molten agar. In one
of these wells was placed the patient's serum and
in the other one his vesicle fluid. The slides were
then subjected to clectrophoresis. 13y this method
FIG. 3. Paper electrophoresis of vesicle fluid
and serum of patient with multiple myeloma. The
vesicle fluid has a single high gamma globulin
peak. The serum is abnormal, showing two peaks
in the gamma globulin region.
SERUM
A
Serum
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the vesicle fluids could be directly compared to
the corresponding sera, and since the normal pat-
tern was known from numerous normal sera it
was possible to see any abnormalities present.
Results: Patients with normal blood sera showed
the same patterns in their vesicle fluids (Figure 4).
A patient with dystrophic epidermolysis bullosa
showed an abnormal gamma globulin zone in her
serum, it being broader and denser than normal,
and in her vesicle fluid a similar but less marked
change was observed (Figure 5).
The patient with multiple myeloma and cryo-
globulinemia showed distinctly abnormal pat-
terns, both the alpha and the beta globulins being
accentuated in her serum but not in her vesicle
fluid, while the gamma globulin resembled the
albumin zone in shape and size, being quite differ-
ent from the usual trailing band of gamma
globulin. The gamma globulin zone in the vesicle
fluid had the same shape but was a little smaller
(Figure 5).
Experiment 5. Immunoelectrophoresis in agar.
After electrophoresis exactly as in zone electro-
phoresis a central trough was cut in the agar along
the length of the slide and goat antihuman serum
placed in it. The slides were placed in humidifier
dishes in the refrigerator for three days, then
washed and stained. Results: The chief identi-
FIG. 4. Zone electrophoresis in agar. Each slide
contained vesicle fluid in the upper well and the
corresponding serum in the lower well. All show
normal pattern. Top slide: Dyshidrosis vesicle.
Middle slide: Cantharidin blister. Bottom slide:
Fracture bulla.
FIG. 5. Zone electrophoresis in agar. Each slide
contained vesicle fluid in the upper well and the
corresponding serum in the lower well. Top slide:
Multiple myeloma with cryoglobulinemia. The
beta and gamma globulin zones are of abnormal
size and shape. Middle slide: Dyshidrosis in
patient with normal serum. Bottom slide: Epi-
dermolysis bullosa dystrophica. The gamma glo-bulin zone is abnormally broad and dense, more
marked in the serum.
fiable arcs seen in serum were found in the vesicle
fluids (Figure 6). These included albumin, alpha 1
glycoprotein, alpha 2 haptoglobin, alpha 2 macro-
globulin, beta 1 transferrin, beta 2A globulin,
beta 2 macroglobulin, and gamma globulin. In
further experiments using wells at different
distances from the central trough with vesicle
fluid placed in both wells, the patterns produced
were similar to those when serum was used, but
fewer lines were counted in the vesicle fluid
precipitates. When repeated on different ap-
paratus similar results were found.
Compared with autologous serum, all vesicle
fluids tested lacked some alpha and beta lines.
Compared with homologous serum, the myeloma
vesicle fluid showed absence of some alpha 2,
differences in beta 2, and an additional gamma
line.
Experiment 6. Zone electrophoresis in starch gel.
This method produced far more separation of
proteins in the alpha and beta globulin zones than
any of the other methods, and in addition showed
two prealbumin bands migrating ahead of the
albumin.
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The presence of the following proteins was
demonstrated both in blood sera and in vesiele
fluids: prealbumins, albumin, eeruloplasmin, hap-
toglobins, transferrin, gamma globulin, beta lipo-
protein, nonspecific esterase.
The haptoglobins exhibited hereditary vari-
ations and the types known as 1-1, 2-2, and 2-1
were all identified both in sera and in vesicle
Fio. 6. Immunoelectrophoresis in agar. Same
arrangement as in Figure 4.
fluids. Tbe nonspecific esterase in the vesicle fluid
and serum of one patient differed from all the
others by the presence of a slower band in ad-
dition to the usual strongly staining zone. This
corresponded with a genetically determined
variant of the pseudocholinestcrasc fraction
recently described (9).
Each vesiclc fluid showed exactly the same
genetic type as the autologous serum. One differ-
ence from blood sera, however, seen in nearly all
vesicle fluids, was a residual material with peroxi-
dase activity which remained in the origin slot.
This was demonstrable even without the addition
of hemoglobin and when the vesicle fluid was
visibly free of hemolysis.
In the patient with multiple myeloma, ab-
normal prealbumins, namely faint 1 and broad,
diffuse 2, and abnormal gamma globulins with
several bands concentrated near the origin were
present both in the vesicle fluid and in the serum
(Figure 7).
Besides these variations an abnormality was
found in the patient with dystrophic epidermolysis
bullosa. Her vesicle fluid showed a distinct faster
alpha 2 band not seen in her own or in any normal
serum. By its absorption of added hemoglobin
and subsequent peroxidase activity this was
demonstrated to be a haptoglobin (Figure 8).
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FIG. 7. Zone electrophoresis in starch gel. s = serum, v = vesicle fluid. The prealbumins and gamma
globulins of the multiple myeloma serum and vesicle fluid are alike but atypical.
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FIG. 8. Zone electrophoresis in starch gel. s = serum, v = vesicle fluid. Note the additional alpha 2haptoglobin band in the epidermolysis bullosa fluid.
DISCUSSION
When vesiele fluid was added to antiserum in
vitro, allowed to absorb, and centrifuged, the
supernatant still contained, in some instances, a
single antibody forming a line of precipitate on
double diffusion against autologous serum.
On immunoeleetrophoresis, the subjects' vesiele
fluid generally formed fewer lines of precipitate
with antiserum than did their blood serum. Both
of these findings suggest that occasional serum
antigens are either absent from vesiele fluid or in
such low concentration that an antigen-antibody
precipitate cannot be formed.
Otherwise, by the various teehnics of elec-
trophoresis, vesiele fluids produced in patients
who have normal sera showed similar patterns in
vesiele fluids as in the sera. Zone electrophoresis
on paper and in agar divided the globulins into
alpha, beta, and gamma zones that in the vesicle
fluids were similar to those seen in normal sern.
Work repeated on different apparatus gave
slightly different shape and spread of the pro-
teins similar, however, to those of normal sera.
Our findings confirm those of other investiga-
tors who have employed zone eleetrophoresis.
Qualitatively no differences have been reported
between sera and vesiele fluids, but there have
been quantitative variations such as beta 2
globulin being relatively higher in pemphigus
blisters than in the corresponding sera (10), and
alpha 2 globulin higher in bullous erythema multi-
forme (11) and dermatitis herpetiformis blisters
(12) than in the corresponding sera. Our findings
on immunoelectrophoresis of vesicle fluids confirm
those recently reported in a preliminary com-
munication from another laboratory (13) in which
the globulins in blister fluids were subdivided into
alpha lipoproteins, alpha 2 haptoglobin, beta 1
lipoprotein and transferrin, and beta 2 macro-
globulin. We demonstrated alpha 1 glycoprotein,
alpha 2M and beta 2A globulins as well. These
lines in a preparation can be identified by com-
parison with known normals.
By starch gel electrophoresis it was possible to
identify further some of the proteins present in
vesiele fluids and this could be done more defi-
nitely than in immunoeleetrophoresis, by utiliz-
ing histochemical reactions. In our preparations
we identified in vesicle fluids the serum proteins
eeruloplasmin, transferrin, haptoglobin, and the
enzyme nonspecific esterase. The general popu-
lation exhibits hereditary variations in hapto-
globins that are demonstrable on starch gel and
in our preparations we found these variations
present in the vesicle fluids, corresponding of
course to the sera. Types 1-1, 2-1, 2-2 hapto-
Albumin
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globins were demonstrated. In normal sera the
only difference between vesiele fluids and sera
was the residual staining in the front rim of the
origin slot of vesicle fluid when stained for peroxi-
dase. This suggests either that large molecules of
peroxidase are present and unable to penetrate
into the starch gel, or else that these proteins bear
a nearly neutral net charge at the pH present in
the gel. This residual stain was fairly consistent
among the vesicle fluids although it was not often
seen in sera. One vesicle fluid showed esterase ac-
tivity in the same rim of the origin slot.
Subjects whose serum contained qualitatively
normal proteins but in quantitatively atypical
amounts showed corresponding clcctrophoretic
patterns in their vesicle fluid. Usually the vesiclc
fluid protein was quantitatively lower relative to
the autologous serum.
In the case of qualitatively abnormal proteins,
two differences were found between vesiclc fluids
and sera. The patient with multiple mycloma
showed on paper clectrophorcsis two gamma
globulin peaks, but only one in the vesicle fluid.
This M shape occurs in myeloma although not
always in the gamma region. Thus an abnormal
gamma globulin present in this patient's serum
appeared not to reach her vesicle fluid.
Until recently it was uncertain whether
mycloma protein represented increased amounts
of a normal protein or new abnormal protein. It
is now known that the mycloma protein is ab-
normal and heterogeneous on starch gel clectro-
phoresis (14). Under certain conditions a single
anomalous band or multiple discrete bands of
several widely spaced bands have been demon-
strable.
In our case, under somewhat different con-
ditions, one dark and at least one faint abnormal
gamma globulin band were found, in both serum
and vesicle fluid, immediately to the cathode side
of the origin slot. The presence of these anomalous
bands showed that some abnormal mycloma pro-
tein was present in both serum and vcsiclc fluid.
The serum formed a gel on standing at room
temperature (approx. 22° C.) while the small
quantity of vcsiclc fluid available did so between
18—30° C. The mycloma protein therefore in-
cluded a cryoglobulin, which evidently reached
the vcsiclc fluid in some concentration.
Thus, in spite of the absence from vesicle fluid
of the M shaped gamma globulin peak in the
serum as shown in relative quantitation by paper
elcctrophorcsis, some mycloma protein with
cryoglobulin properties was present in the vesiclc
fluid. This suggests that the difference in the
mycloma protein content of the serum and vcsiclc
fluid may have been partly quantitative.
The second difference in abnormal proteins was
that the vcsicle fluid of the patient with epi-
dcrmolysis bullosa dystrophica contained an
extra haptoglobin-likc band when examined in
starch gel that was not present in her serum. This
band was different not only from her serum but
from all normal sera except for rare cases which
do not conform to the usual 2-2, 2-1, or 1-1
heredity. It probably corresponds to the alpha 2
haptoglobin bound by Grana (11) in crythema
multiforme bulla fluid. Its significance is, how-
ever, unknown.
From these experiments it is concluded that the
distribution of proteins in the vesiclc fluid of a
subject qualitatively resembles that in his blood
serum, whether the distribution is normal or
atypical, but that an abnormal protein found in
either serum or vcsiclc fluid may not necessarily
be found in the other.
SUMMARY
1. In vcsicles of several different kinds the
serum proteins pre-albumin 1 and 2, albumin,
alpha 1 glycoprotcin, alpha 2 macroglobulin,
alpha and beta lipoprotcin, beta 2A and beta 2M
globulin, transferrin, ccruloplasmin, haptoglobin,
and nonspecific cstcrasc have been found.
2. All identifiable antigens present in normal
scra have been found in vesiclcs of various kinds,
but some unidentified antigens were lacking.
3. Hereditary variations in haptoglobins and
nonspecific cstcrasc have been demonstrated in
several different kinds of vcsicle.
4. In patients with normal blood scra their
vesiclc fluids resembled normal sera qualitatively
in their protein content.
5. In patients with atypical distribution of
protein in their blood sera their vcsiclc fluids re-
sembled their own sera, with the following ex-
ceptions:
6. In a multiple mycloma patient with ab-
normal blood serum some but not all of the ab-
normal proteins have been found in her vesicle
fluid. An abnormal haptoglobin band different
from normal sera and from her own serum have
been fonnd in the vesicle fluid of one patient with
dystrophic epidermolysis bullosa.
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DISCUSSION
DR. PHILIP C. ANDERSON (Columbia, Mo.): with his tcchnics of protein analysis, he has noted
I would like to ask Dr. Potter if he has done any anything of this.
studies of the blisters at various times in their DR. BRIAN POTTER (in closing): We did not do
evolution. Our work with blisters has shown that serial studies of these blisters. It seemed to us,
the blister undergoes rather orderly changes in after doing a number of them, that the only
contents. One example is the presence of proteo- differences would be in patients with abnormal
lytie factors in the early vesiele, which are absent proteins, and this is what we were more interested
in the healing blister. I would like to know, if, in.
